Background: Midshaft clavicle fractures in adolescents have traditionally been treated nonoperatively. Recent studies in the adult literature have shown a higher prevalence of symptomatic malunion, nonunion, and poor functional outcome after nonoperative treatment of displaced fractures. The purpose of this study was to compare operative versus nonoperative treatment of displaced clavicle fractures in adolescents. Materials and Methods: Adolescents who sustained closed midshaft clavicle fractures between 2000 and 2008 were identified in our institutional trauma registry. Medical records were reviewed for patient demographics, injury characteristics, treatment, and outcomes. Results: Forty-two consecutive patients (mean age 15.4 y) with 43 closed midshaft clavicle fractures were identified. Twenty-five patients were treated nonoperatively with a sling or figure-of-8 brace. Seventeen patients were treated operatively with acute plate fixation for fractures displaced more than 2 centimeters. The average shortening at injury was 12.5 mm in the nonoperative group and 27.5 mm in the operative group (P = 0.003). The mean time to radiographic union for displaced fractures was 8.7 weeks in the nonoperative group and 7.4 weeks in the operative group (P = 0.02). There were no nonunions in either group. All complications in the operative group were related to local hardware prominence. The mean time to return to activities was 16 weeks in the nonoperative group and 12 weeks in the operative group. Symptomatic malunion, with a mean fracture shortening of 26 mm, developed in 5 patients in the nonoperative group. Four of these patients elected corrective osteotomy with internal fixation and all went on to union with resolution of their symptoms. Conclusions: Plate fixation of displaced midshaft clavicle fracture reliably restores length and alignment. It resulted in shorter time to union with low complication rates. Symptomatic malunion in adolescents may be more common than earlier thought after significantly displaced fractures. Corrective osteotomy with plate fixation can restore clavicle anatomy and eliminate symptoms associated with malunion. Level of Evidence: Therapeutic level III.
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The majority of these fractures occur in the midshaft region, and about one-half are displaced. Traditionally, clavicle fractures have been treated nonoperatively, even when substantially displaced. This treatment strategy was based on the early literature that considered nonunions rare and malunions to be of radiographic interest only, without clinical significance. Good outcomes were assumed after fracture union; associated deficits in shoulder strength and function and patient-related outcomes were not reported.
Recent studies have identified higher rates of malunion and nonunion, inferior outcomes, and deficits in shoulder strength and endurance in adults treated nonoperatively. [2] [3] [4] [5] [6] [7] The existing literature regarding operative management of clavicle fractures in the adolescent population is scant. Adolescents are often grouped with children and considered to do well because of excellent remodeling potential. Kubiak and Slongo 8 reported on clavicle fractures in children treated operatively over 21 years. Only 8 adolescent patients with midshaft clavicle fractures underwent surgery with intramedullary pins for indications including open fractures, neurovascular injury, severe shortening of the shoulder girdle, and displaced fractures ''at risk for pseudoarthrosis.'' However, fracture displacement and factors predisposing to pseudarthrosis were not discussed. Bony union was considered a successful endpoint without noting the patients' postinjury function.
There is general agreement that nondisplaced fractures should be treated nonoperatively. However, there is considerable debate regarding whether acute displaced midshaft clavicle fractures should primarily be treated operatively to avoid late complications, including nonunion and malunion. Recent studies have documented high union rates with low complication rates after primary open reduction and internal fixation (ORIF) for displaced midshaft clavicle fractures, and improved functional outcomes. [2] [3] [4] [5] [6] [7] However, no study has examined nonoperative versus operative fixation of midshaft clavicle fractures in the adolescent population. The purpose of this study was to report time to union, complications, incidence of nonunion and malunion, residual symptoms, and time to return to activities after nonoperative treatment versus operative treatment of displaced midshaft clavicular fractures in adolescents. We hypothesized that the 2 groups would be similar with respect to outcomes measured.
METHODS

Patients
After Institutional Review Board (IRB) approval, adolescents who sustained closed midshaft clavicle fractures between 2000 and 2008 were identified in our institutional trauma registry. The medical record was used to record patient demographics, mechanism of injury, side of the injury, associated injuries, presence of neurologic injury, treatment, time to union, time to return to activities, and complications. Patients were excluded if they had a pathologic fracture, an open fracture, associated neurovascular injury with objective neurologic findings on physical examination, or a medical contraindication to surgery and/or anesthesia.
Interventions
Patients in the nonoperative group were treated in a simple sling or figure-of-8 brace. Patients with 2 centimeters or more of fracture displacement on radiographs within the first 3 weeks of injury were offered primary plate fixation. Patients in the operative group were treated with nonlocking, compression plating on the anterosuperior clavicle (Fig. 1) . Follow-up visits and restrictions were similar for patients in both groups; patients were seen within 2 weeks of injury/surgery and again at 6 weeks. If the fracture was healed at 6 weeks, the subsequent follow-up visits were 6 months and 1 year from injury or surgery.
Fractures not yet healed at 6 weeks were followed at 2 week intervals until fully healed. These patients were also seen at 6 months and 1 year from injury/surgery. All patients were restricted from contact sports until radiographic healing was confirmed.
Assessment
Radiographs, including a posteroanterior view and a 45 degree cephalic view, were reviewed to determine fracture type and displacement. Shortening was assessed at the time of injury and calculated as a length difference compared with the uninjured side on a chest radiograph or radiograph of the contralateral clavicle when available. Measurements were made of the injured and uninjured side by 2 members of the study group and compared for consistency. Radiographic union was defined as bony bridging on both views and confirmed with clinical examination. Delayed union was defined as no fracture union at 4 months (16 wk) and nonunion was defined as no fracture union at 6 months (24 wk). Malunion was defined as loss of anatomic alignment and asymmetry of the shoulder girdle compared with the contralateral uninjured side. Symptomatic malunion was defined as fracture union with shortening or angulation and asymmetry as compared with the uninvolved shoulder and subjective complaints including pain with overhead use, weakness, fatigability, or neurologic symptoms. A complication was defined as any event necessitating another operative procedure or additional medical treatment.
Statistical Analysis
Statistical comparisons of outcomes between patients treated operatively and nonoperatively were evaluated using the Wilcoxon Mann Whitney 2-sample rank-sum test. Chi-square tests were used to compare frequencies of patients based on treatment status and categorized outcome variables. The probability of significant associations occurring by chance alone was expressed with P values based on 2-sided tests. Associations with P values <0.05 were considered statistically significant. Analyses were undertaken using SAS 9.1 software (SAS Institute Inc., Cary, NC).
RESULTS
We identified 42 consecutive patients (43 clavicle fractures) with a mean age of 15.4 years (range, 12 to 17 y) at the time of injury. The original mechanism of injury included sports (n = 24), motor vehicle collision (n = 10), and all-terrain vehicles (n = 8). Fifteen patients sustained other injuries, including pelvic fractures, spine fractures, and contralateral extremity fractures (Table 1) .
Twenty-five patients (9 females, 16 males) were initially treated nonoperatively with either a sling (n = 21) or figure-of-8-brace (n = 4) for a mean of 4 weeks. The most common mechanism of injury was sports (44%). The fracture was displaced in 14 patients (mean age 1.2 y). Four patients (24%) had interval fracture displacement on radiographs within 2 weeks after injury (mean 11.3 mm, range 1 to 25 mm), including 1 patient with an initially nondisplaced fracture. When the patients with nondisplaced fractures were excluded, the mean initial fracture shortening for the remaining 14 patients was 18.8 mm (range, 10 to 32 mm). Mean time to radiographic union for the displaced fractures in the nonoperative group was 9.9 weeks (range, 6 to 16 wk). There were no nonunions. Patients returned to activity on average at 16 weeks from injury. These data are illustrated in Table 1 . Seventeen patients (1 female, 16 males) with 18 fractures were treated operatively with primary ORIF at a mean age of 15.4 years (range, 12 to 17 y). The most common mechanism of injury was sports (58.8%). The dominant extremity was involved in 7 of 17 patients (41.2%). All patients had at least 2 cm of fracture displacement (mean 26.6 mm; range, 20 to 36 mm) and 7 patients (41.2%) had a vertically oriented butterfly fragment. Seven patients (38.9%) were noted to have interval fracture displacement on radiographs within 2 weeks after injury (mean 9.5 mm, range 3 to 22 mm). The mean time to union was 7.5 weeks (range, 6 to 10 wk), which was significantly shorter than the nonoperative group (P = 0.003). There were no significant intraoperative or postoperative complications. Patients returned to activity on average at 12 weeks from injury. There were no nonunions or malunions. Three patients (17.6%) elected hardware removal owing to local prominence. This group is illustrated in Table 2 .
Five patients with displaced fractures in the nonoperative group (1 female, 4 males) with a mean age 14.6 years (range 12 to 18 y) returned for follow-up with subjective complaints including pain with prolonged overhead activity (n = 2), easy fatigability (n = 1), axillary pain (n = 1), and drooping shoulder with painful bony prominence (n = 1). The dominant extremity was involved in all 5 patients. The deformity was characteristically shortening and inferior displacement of the medial fragment. Symptoms developed on average at 14 months from injury (range, 6 to 24 mo). The average fracture displacement in this subgroup was 26.6 mm (range, 20 to 32 mm). Four of 5 patients elected to undergo corrective osteotomy with internal fixation 9 ( Fig. 2) . No bone grafting was required. All 4 patients went on to union at a mean time of 6.8 weeks (range, 6 to 8 wk) and returned to activities at a mean of 12 weeks, postoperatively. This subgroup is included in Table 3 .
DISCUSSION
Clavicle fractures are one of the most common skeletal injuries in adolescents. The midshaft region of the clavicle is at increased risk of fracture owing to inherent anatomic factors including the transition from a geometrically flat bone to a tubular bone at the midshaft region and the lack of overlying muscular protection. Although the majority of midshaft clavicle fractures are displaced, nonoperative management, historically, has been the mainstay of treatment. 10, 11 In the 1960s, Neer 11 and Rowe 12 each reported operative management had higher nonunion rates (4.6% and 3.7%, respectively) when compared with nonoperative management (0.1% and 0.8%, respectively). A recent metaanalysis revealed higher nonunion rates in displaced midshaft clavicle fractures treated nonoperatively (15%) than operatively (2.2%) with modern internal fixation techniques. 13 Aside from an isolated case report of midshaft clavicular nonunion in a 12-year-old, 14 no additional reports of adolescent clavicle nonunions were identified in the literature. Similarly, in this series, all patients went on to union regardless of the degree of displacement or treatment method. The time to union after operative treatment in this study was significantly shorter when compared with nonoperative treatment.
Early studies in the adult population have documented a high rate of patient satisfaction after nonoperative treatment of clavicle fractures. 10, [15] [16] [17] One study concluded that ''permanent shortening of the clavicle is common after fracture, but has no clinical significance. '' 16 This same study reported that 39 patients had moderate pain, 13 had symptomatic malunions, and 7 went on to nonunion. 16 Until more recently, the success of treatment was equated with bony union, largely ignoring any objective measures of shoulder strength and function. In addition, patient satisfaction and patient-oriented outcome measures were not routinely reported. Multiple recent studies have revealed a greater than expected incidence of residual pain, nonunion, malunion, shoulder weakness, decreased shoulder endurance, inferior patientoriented and surgeon-oriented outcome scores, and lower overall satisfaction after nonoperative management of midshaft clavicle fractures. [2] [3] [4] 6, 7, 10, 18 Studies have shown the vast majority of the midshaft clavicle fractures are displaced and that deficits in strength, endurance, and satisfaction are related to clavicle displacement exceeding 1.5 to 2 cm. 2, 3, 6, [19] [20] [21] [22] Some degree of shortening was seen in the 71.4% of the patients in this study, whereas 56% had at least 2 cm of shortening.
Shortening of the clavicle is theorized to affect shoulder function secondary to concomitant shortening of adjacent muscles whose primary action is in the plane of shortening (ie, abduction), resulting in weakness and muscle imbalance. 3 Two centimeters of shortening may surpass the coronal length threshold the shoulder girdle musculature requires to function effectively. Displaced midshaft fractures of the clavicle by definition heal with some degree of malunion. The resultant position is the same as that seen on initial radiographs, with a characteristic inferior, medially translated, and anteriorly rotated deformity of the lateral fragment. 6, 23 This deformity was a consistent finding in the 5 patients identified with symptomatic malunions. Biomechanical studies suggest that clavicular angular deformity and shortening changes the orientation of the glenoid and alters shoulder dynamics. 18, 20, 24 Earlier malunion of the clavicle was thought to be of radiographic interest only, and did not require treatment. 16 Recently, this notion has been enged by the results of patient-and surgeon-oriented outcome measures and objective strength testing. [2] [3] [4] [5] [6] [7] 13, 18, 20, 25, 26 In children, significant malunion is considered rare owing to remodeling with continued growth. 8, 14 However, adolescents with less than 2 years of growth remaining may have decreased remodeling potential, as is seen with other extremity fractures. In this series, 5 of 14 patients (40%) with a displaced clavicle fracture treated nonoperatively developed a symptomatic malunion. Patients and families should be counseled regarding the possibility of symptomatic malunion after a displaced midshaft clavicle fracture. Four of 5 patients elected to undergo osteotomy and plating of a symptomatic malunion; all went on to union and subjective preoperative symptoms resolved. The time to return to activities after delayed reconstruction was similar to that seen with the remainder of the patients in either group; however, the overall clinical course was substantially longer from injury to full recovery.
27,28
Complications
Complications related to clavicle fractures can occur from nonoperative and operative treatment. Both treatments can result in malunion, nonunion, pain, and decreased shoulder motion. [2] [3] [4] [5] [6] [7] Late complications of nonoperative management have been reported, including delayed brachial plexus neuropraxias and thoracic outlet syndrome, typically in association with nonunions or malunions. [29] [30] [31] [32] [33] [34] [35] Reported complications after primary ORIF for clavicle fractures include infection (0% to 18%), nonunion (2% to 15%), neurovascular injury (0% to 5%), and hardware prominence (95% to 100%). [36] [37] [38] In this series, the incidence of intraoperative and perioperative complications were low. This is the first study to compare nonoperative versus operative midshaft clavicle fractures in the adolescent population. The weaknesses of this study are that the sample size was relatively small, and a larger study may have provided a more complete picture of factors precipitating symptomatic malunion. Another weakness is that the groups were not randomized and only those with fractures with greater than 2 cm of shortening were offered operative treatment. We did not carry out objective measures of strength which may have elicited subtle deficits in strength and/or endurance, nor did we apply patient oriented outcome measures. A larger sample may also have revealed true differences or correlations that our study did not identify because of its small sample size (a b error).
CONCLUSIONS
Midshaft clavicle fractures represent a spectrum of injury with each patient requiring individualized assessment and treatment. Shortening of a midshaft clavicle fracture in the medial lateral plane is a common clinical and radiographic finding in adolescents. Additional fracture shortening on interval radiographs may occur.
Nonunions are rare, but malunions may be more common than earlier thought. Patients with 20 mm or more of shortening were more likely to develop subjective complaints related to the malunion. ORIF reliably restores clavicle length and complication rates are low. Corrective osteotomy with plate fixation can restore clavicle anatomy and resolve symptoms after malunion. Although good outcomes have been reported after operative treatment of acute diaphyseal fractures, it remains controversial whether we should aim for primary prevention or secondary reconstruction of symptomatic midshaft clavicle malunions. Validation from other studies is required before widespread use of ORIF can be recommended for this population.
